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ABSTRACT: Toxoplasma gondii is the etiological agent of toxoplasmosis. 
Serological studies have demonstrated the parasite occurrence in swine from 
different regions; however there are no studies that can demonstrate epidemiological 
status of porcine toxoplasmosis in the Brazilian state of Sergipe. The study purposes 
were to verify the anti-Toxoplasma gondii antibodies presence and identify risk 
factors associated with infection in pigs. An amount of 230 blood samples of pigs 
over four months of age from 45 farms were collected and analyzed by indirect 
immunofluorescence antibody assay. An epidemiological questionnaire was applied 
on the properties of origin of the animals to identify risk factors associated with the 
infection. A seroprevalence of 8.3% with the titre ranging from 64 (15/230) to 1024 
(02/230) was found. Animals from the municipalities of Poço Redondo and Canindé 
de São Francisco showed the highest prevalences, 18.52% (5/27) and 12.90% 
(4/31), respectively. The seroprevalence found was considered low when compared 
to previous studies performed in Brazil, particularly in the northeast region. The age 
of slaughtered animals should be considered and positive association between the 
variables age and T. gondii infection was found. Most of swine sampled (194/230) 
were up to six months which may also influence in the seroprevalence. A low anti-T. 
gondii seroprevalence was observed in the present study, however it is concluded 
that T. gondii infection is present in pigs population. The knowledge about its 
frequency contributes to the establishment of strategies for disease control by 
appliance of prevention measures in livestock production. 
Keywords: antibodies; epidemiology; RIFI; Toxoplasma gondii. 
 
RESUMO: Toxoplasma gondii é o agente etiológico da toxoplasmose. Estudos 
sorológicos têm demonstrado a ocorrência do parasita em suínos de diferentes 
regiões brasileiras; no entanto não há estudos que descrevem a situação 
epidemiológica da toxoplasmose suína no estado de Sergipe. Os objetivos do 
estudo foram verificar a presença de anticorpos anti-Toxoplasma gondii e identificar 
fatores de risco associados à infeção em suínos. Foram coletadas 230 amostras de 
sangue de suínos com até 4 meses de idade, de 45 propriedades, e analisadas por 
meio da técnica de imunofluorescência indireta. Foi aplicado questionário 
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epidemiológico nas propriedades de origem dos animais para obtenção de dados 
com o objetivo de identificar fatores de risco associados à infecção. Foi detectada 
uma soroprevalência de 8,3% com variação da titulação entre 64 (15/230) e 1024 
(02/230). Os municípios de Poço Redondo e Canindé de São Francisco 
apresentaram as maiores taxas de prevalências, 18,52% (5/27) e 12,90% (4/31), 
respectivamente. A soroprevalência determinada foi considerada baixa quando 
comparada com estudos prévios realizados no Brasil, especialmente na região 
Nordeste. A idade dos animais abatidos deve ser ponderada, sendo encontrada 
associação positiva com a infecção por T. gondii. A maioria dos animais incluídos 
no estudo (194/230) apresentavam até seis meses de idade, o que pode ter 
influenciado na taxa de soroprevalência observada. Foi identificada baixa 
soroprevalência de anti-T. gondii no estudo, no entanto pôde-se concluir que a 
infecção por T. gondii está presente na população suína. O conhecimento sobre sua 
epidemiologia pode contribuir na aplicação de estratégias de controle da doença por 
meio de medidas de prevenção na produção animal. 
Keywords: antibodies; epidemiology; RIFI; Toxoplasma gondii. 
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INTRODUCTION 
Toxoplasma gondii is the 
etiological agent of toxoplasmosis, a 
cosmopolitan anthropozoonosis that 
affects millions of people in the world. 
The agent is an intracellular protozoan 
that can parasitize different tissues types 
of mammals and birds (Joaquim et al., 
2016). Felines, especially domestic cats, 
are T. gondii definitive host, whereas 
swine, man, reptiles, birds and some 
invertebrates are intermediate hosts. 
(Dubey, 2004) 
Porcine toxoplasmosis is one of 
the most important protozoonoses in pig 
production systems (Dubey, 2004; 
Joaquim et al., 2016). The animals are 
infected by consumption of water, food 
and feed contaminated with oocysts 
eliminated through cat feces. 
Bradyzoites develop in muscle and 
organs tissues, predisposing 
contamination of products and by-
products intended for human 
consumption, that leads to abortion, fetal 
damage and other problems related to 
public health (Sobestiansky e  Barcellos, 
2007). T. gondii causes mainly 
reproductive problems, such as abortion 
and infertility, likewise reducing 
production of infected animals, 
engendering economic losses (Carletti 
et al., 2005; Andrade et al., 2013; 
Dabidson, 2004). 
In Brazil, serological studies have 
demonstrated the parasite occurrence in 
swine from different regions being 
associated, as risk factors, to breeding 
type system and technification level (Da 
Silva, 2000). Previous studies reported 
the worldwide prevalence of T. gondii 
infection in pigs, where in Brazil it 
ranges from 1.32% to 90.4% (Dubey, 
2009a; Dubey, 2009b). 
There are no currently studies 
demonstrating the epidemiological 
status of porcine toxoplasmosis in the 
Brazilian State of Sergipe. Therefore, 
the objectives of the study were to 
analyze the epidemiological situation of 
porcine toxoplasmosis in the Alto Sertão 
region of Sergipe state, and characterize 
the local epidemiology and risk factors of 
the disease. 
 
 
MATERIAL AND METHODS 
The study was conducted in the 
municipalities that compose the Alto 
Sertão region of Sergipe, except for the 
municipalities of Gararu and Nossa 
Senhora de Lourdes. The Alto Sertão 
region is composed of seven 
municipalities: Nossa Senhora da Glória 
(10º13'06 "S 37º25'13" W); Porto da 
Folha (09º55'02 "S 37º16'42" W); Gararu 
(09-58'03 "S 370.05'00" W); Poço 
Redondo (09º48'18 "S 37º41'04" W); 
Canindé do São Francisco (09º39'36 "S 
37º47'22" W); Monte Alegre de Sergipe 
(10º01'38 "S 37º33'44" W) and Nossa 
Senhora de Lourdes (10º04'46 "S 
37º03'28" W) (Figure 1). The length of 
the territory is 4,900,686 km², 
representing 22.37% of the total state. It 
has a demographic density of 28hab / 
km², which 53.37% inhabiting the rural 
area. 
Pig farming systems in the 
municipalities from the Alto Sertão 
region of Sergipe, as in most of 
northeast Brazilian area, are 
characterized by the employment of 
family members in small farms (IBGE, 
2011). The swine producer of this region 
does not have the pigs as the main 
source of income, usually as a subsidy 
for the producer to cross critical periods 
of drought. The properties located in the 
study area were visited and investigated 
through an epidemiological 
questionnaire, with the consent of the 
producer. The questionnaire aimed to 
collect information related to the sanitary 
aspects of the properties, as facilities 
cleaning frequency, veterinary 
assistance, management system type, 
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eating habits, cats presence and 
reproductive problems. 
A total of 230 blood samples of 
pigs over 4 months of age were 
collected from October to December 
2015. The samples were collected using 
vacuum tubes during the bleeding of the 
animals slaughtered in the 
slaughterhouses of the municipalities of 
Nossa Senhora da Glória and Canindé 
do São Francisco. The material was 
identified and packed in icebox. After 
centrifugation, the serum was stored in 
identified 1.5 mL polypropylene 
microtubes and maintained at -20 °C. 
Swine sera were examined for the 
presence anti-T. gondii antibody through 
Indirect Immunofluorescence antibody 
assay (IFA) using RH sample of T. 
gondii tachyzoites fixed in slides 
(Camargo, 1974). Anti-IgG-swine 
antibody (Sigma catalog #F1638) diluted 
1:64 in PBS solution containing Evans 
blue 1 mg% was used. Positive samples 
were submitted to serial dilution at base 
2 up to 1024. Titers higher than or equal 
to 64 were considered positive (Garcia 
et al., 1999). 
The sample size was calculated 
performing the formula for random 
simple samples (Thrusfield, 2004), with 
an expected prevalence of 50% and 
error of 6.5%. The sample size was 227 
animals, although for safety and 
approximation purposes 230 animal 
blood samples were collected. 
Risk factor analysis was conducted 
in two steps: univariate analysis and 
multivariate analysis. In the univariate 
analysis, each independent variable was 
crossed with the dependent variable. 
Those that presented p value equal to or 
above of 0.20 by the Chi-square test 
(Zar, 1999) were selected for 
multivariate analysis using multiple 
logistic regression (Hosmer e 
Lemeshow, 1989). The level of 
significance adopted in the multiple 
analyses was 5%. All analyzes were 
performed using software SPSS (version 
20.0 Windows). 
 
 
RESULTS 
A total of 19/230 (8.3%) pigs 
presented antibodies against T. gondii. 
Animals from the municipalities of Poço 
Redondo and Canindé de São Francisco 
showed the highest prevalence, 18.52% 
(5/27) and 12.90% (4/31) respectively. 
Antibody titers ranged between 64 and 
1024, with titer 256 being more 
common, with a frequency of 15.79% 
(6/19) (Table 1). As for the system of 
creation, all the properties visited breed 
animals trapped in pigsty or sty. 
 
Table 1 - Titration distribution of anti-
Toxoplasma gondii antibodies (Ig G) obtained 
from IFA using sera samples from swine 
slaughtered in the Alto Sertão region, Sergipe, 
during October to December 2015. 
 
Antibodies 
titration Positives (%) 
64 03 15.80 
128 04 21.05 
256 06 31.58 
512 04 21.05 
1024 02 10.52 
Total 19 100 
 
 
Table 2 shows the distribution and 
risk factors in the univariate analysis. 
There was a higher frequency of 
seropositive animals on properties that 
had cats (9.4%), when compared to 
properties without the presence of cats 
(2.6%), but there was no significant 
association for this variable. The 
variables age and type of food storage 
were selected (P ≤ 0.20) in the 
univariate analysis, but excluded in the 
multivariate analysis. There were no 
significant associations between gender, 
cat presence, abortion, water source, 
cleaning/disinfection, type of feeding and 
type of facility with T. gondii infection. 
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Table 2 - Univariate analysis with variable distribution associated to anti-T. gondii antibodies presence 
in the Alto Sertão region of Sergipe, from October to December 2015. 
Variable/Category Nº of animals Positives (%) P 
Gender 
   M 
   F 
 
127 
103 
 
12 (9.4) 
7 (6.8) 
 
0.627 
Age 
   ≤ six months 
   > six months 
 
194 
36 
 
19 (9.8) 
0  (0) 
 
 0.0501 
Cat presence 
   Yes 
   No 
 
191 
39 
 
18 (9.4) 
  1 (2.6) 
 
0.211 
Abortion 
   Yes 
   No 
 
96 
54 
 
8 (8.3) 
4 (7.4) 
 
1.000 
Water source 
   Treated 
   Untreated 
   Treated + untreated 
Food storage 
    Closed 
    Opened 
 
174 
40 
16 
 
54 
176 
 
15 (8.6) 
2 (5) 
 2 (12.5) 
 
1 (1.9) 
18 (10.2) 
 
0.616 
 
 
 
0.0511 
Cleaning/Disinfection 
   Daily/alternate days 
   Weekly 
 
226 
4 
 
18 (8) 
1 (25) 
 
0.293 
Type of feeding 
   Concentrate 
   Concentrate + whey 
Human food residues +   
Whey + concentrate 
 
25 
148 
57 
 
1 (4) 
 11 (7.4) 
  7 (12.3) 
 
 
0.378 
Type of Facility 
   Pigsty 
   Sty 
   Pigsty + Sty 
 
167 
23 
40 
 
14 (8.4) 
2 (8.7) 
3 (7.5) 
 
0.980 
1Variables selected for logistic regression (P ≤ 0.20)
DISCUSSION 
The seroprevalence found in the 
present study was 8.3% and considered 
low when compared to previous studies 
performed in Brazil, particularly in the 
northeast region. Even though, the age 
of slaughtered animals should be 
considered. The present study showed 
positive association between the 
variables age and T. gondii infection in 
the univariate analysis, but it was 
excluded from the multivariate analysis. 
Most of swine sampled (194/230) were 
young (up to six months) which may also 
influence in the seroprevalence as 
discussed in previous studies (Dubey et 
al, 1995; Klun et al., 2011), reporting the 
increase of the prevalence of porcine 
toxoplasmosis proportionately to the age 
group. However, very young animals (<3 
months) may also present high 
seroprevalence due to the presence of 
colostral antibodies (Lopes et al., 2013). 
The present study is corroborated by 
two other previous studies conducted in 
the state of Paraná (Moura et al., 2007) 
and Pernambuco (Fernandes et al., 
2011). In these studies, was observed a 
positivity of 8.54% in pigs with mean age 
of 5.3 months and a prevalence of 
9.78% in animals up to six months, 
respectively. 
All animals studied in this 
research came from properties whose 
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the management system was intensive, 
possibly contributing to a relatively low 
prevalence when compared to the study 
conducted in the southern region of 
Piauí (Souza et al., 2014). The previous 
study found 25.5% positive animals, 
where pigs breed in an intensive system 
were less exposed to T. gondii (18.5%) 
than those breed in a semi-intensive 
system (48, 5%). This fact is also 
confirmed by another study, which 
shows pigs breed in complete 
confinement had 29.2 lower risk of 
having antibodies against T. gondii than 
those kept in a partial containment 
system [24]. The access of pigs to the 
pasture increases the risk of infection 
due to the high exposure of the animals 
to the oocysts present in the soil and 
water (Feitosa et al., 2014; Weigel et al., 
1995). 
 Although the variable food 
storage was selected in the univariate 
analysis, it was not set as risk factor, 
since it was excluded from the 
multivariate analysis. On the other hand, 
a study performed in the state of 
Maranhão showed a significant 
association with the conditions of food 
storage and seropositivity in goats by T. 
gondii. From twenty-four stocks 
considered bad, fourteen were positive 
for T. gondii (Soares et al., 2010). 
Regarding the type of feed 
offered to the animals, there was no 
significant association. However, higher 
seropositivity (12.3%) in the pigs 
consuming foods containing human food 
residues was seen when compared to 
those fed exclusively on concentrate 
(4%) or concentrate and whey (7.4%). 
The human food residues offered to the 
swine often contain undercooked meats 
or even uncooked contaminated ones, 
promoting the infection of these animals 
(Giraldi, 1996). In a study from Paraíba, 
190 pig samples from slaughterhouses 
were analyzed and the seroprevalence 
of 32% was found from the animals that 
were fed with human food residues, 
being considered a risk factor for 
parasite infection (Feitosa et al., 2014). 
In contrast, another study found a higher 
prevalence of seropositives in feed-fed 
(10.8%) than those who consumed 
human food residues (5.7%) 
(Cavalcanti, 2015). 
A previous study, showed that cat 
presence is the main risk factor 
associated with T. gondii infection, 
where pigs contract the disease through 
the ingestion of water, food and feed 
contaminated with oocysts eliminated 
through the feces of infected cats 
(Sobestiansky e Barcellos, 2007). 
However, in the present study, no 
significant statistical association (p> 0.2) 
was observed for this variable. The 
frequencies of positive animals, on 
properties with and without cat 
presence, were respectively 9.4% and 
2.6 %. There are also other possible 
forms of transmission, such as 
tachyzoites present in secretions and 
excretions of hosts infected by the 
shared use of drinking fountains and 
feeders, that would facilitate 
contamination by ingestion (Vitor et al., 
1991). 
 In males, the frequency of 
positives was 9.4% and in females it 
was 6.8%. There were no statistically 
significant differences in gender and 
frequency of anti-T. gondii antibodies (P 
= 0.627). The data indicates that males 
and females are equally exposed to the 
risk of infection (Table 2). However, 
according to a study, females are 
considered a risk factor for 
toxoplasmosis due to hormonal, 
physiological and management 
differences (Klun et al., 2011). In 
contrast, another study says that this 
behavior is more due to a sampling bias 
than to a sex-linked susceptibility, where 
other variables not verified in previous 
studies, may be the real factors 
associated (Silva et al., 2010). In 
another study was found that the higher 
prevalence of infection in male dogs was 
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not really related to the gender, but to 
the fact that these animals received raw 
viscera as food, which would be the 
associated risk factor (Brito et al., 2002). 
Regarding the cleaning/ 
disinfection of the facilities, the 
frequencies of positive animals on 
daily/alternate days and weekly cleaning 
were 8% and 25%, respectively. 
However, no significant association was 
found for this variable with the presence 
of anti-T. gondii antibody. A previous 
study corroborates, showing that the 
higher frequency of ovine seropositive 
happens when the cleaning was 
performed weekly (21.4%), followed by 
monthly (18.2%) and daily (15.7%) 
(Pereira et al., 2012). 
Concerning the water source, the 
properties that presented the lower 
frequency were the ones with untreated 
water source (5%), followed by the 
treatment (8.6%) and both waters 
(12.5%). It should be avoided the access 
of felines to water reservoirs, due to the 
possibility of these animals to defecate 
near to water sources (Dubey, 2004). A 
previous study reported an association 
between water source and infection, and 
found that 34.78% (OR = 2.39) of 
animals from properties where the water 
was treated reacted positively to T. 
gondii (Brandão et al., 2009).  
For titration, a study conducted 
with 408 pigs from slaughterhouses in 
the state of Paraná, found the most 
frequent titer was 1:64 (74%) (Millar et 
al., 2008). This data reveals a chronic 
infection in the animals (Fernandes et 
al., 2011). In the present study, the titer 
1: 256 (31.6%) was observed as being 
the most frequent, suggesting a possible 
acute infection in most seropositive 
animals. 
For all remaining variables, the 
type of installation and the occurrence of 
abortion did not reveal a risk factor for 
the occurrence of antibody against T. 
gondii, but it is important to emphasize 
the importance and the attention that 
should be given to all variables analyzed 
in this study, since they can favor the 
biological cycle of the parasite. 
 
 
CONCLUSIONS 
A low seroprevalence of anti-T. 
gondii antibodies was observed in the 
present study in young swines 
slaughtered in the Alto Sertão region of 
Sergipe. However, the results showed 
that these animals can serve as a 
source of T. gondii infection to humans 
in the State of Sergipe, Brazil, and witch 
necessarily needs an appropriate control 
and prevention actions are necessary. 
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